Aerogpace Industry Sector Notebook Project

[. INTRODUCTION TO THE SECTOR NOTEBOOK PROJECT
[.A. Summary of the Secor Notebook Project

Environmertal palicies based upa comprehensive aralysis of ar, water ard
land pdlution (suchasecaomic secbr, ard canmunity-based apmacles)
are becaming animportant suppkenert to tradtiona sngle-mediaappoaches
to ernvironmertal protecion. Environmertal regulatory agerties aebeginning
to enbrace caonprehensive, multi-statute sdutions to facility pemitting,
compliance assuance, educaibn/outreach reseach, ard regulatory
dewelopmert issues.The cetrral concepsdriving the new policy direcion are
that pdlutant releasesd eachernvironmertal medium (air, water and land)
affecteachother, ard thatervironmertal strategies nustacively idertify ard
address these interrelationships by designing pdlicies for the "whole" facilit y.
One way to achieve awhole facilit y focusis to design environmental policies
for amilar indudrial facilities. By doing so, environmental concerns that are
commaon to the manufacturing of smilar produds can be addressed in a
comprehensive manner. Recanition of the reed b dewelop the industial
“secbr-based” appwach within the BPA Office d Compliance kd to the
creaion of this document.

The Scior Notebook Projectwas nitiated by the Ofice d Compliance wihin
the Ofiiceof Enforcenent ard Campliance Assuance (OECA) to provide s
staff ard managers with summary information for eighteenspediic industial
secbrs. As other EPA offices, states, the regulated conmunity,
ernvironmental groups,ard the public becane interested n this project, the
scope of the origind project was expanded. The ability to design
comprehensive,common serse ervironmertal protectionmeasures br spediic
indudries is depenlert on knowledge d several interrelated topics For the
purposes 6 this project, the keyelenerts chosenfor inclusion are: gerera
indudry information (economic and geographic); a description of indudrial
proceses; pdlution outputs; pdlution prevertion opportunities, Federa
statutory ard regulatory framewark; compliance hstory; and a desaiption of
partnerships thathave beenformed etweernregulatory agerties, the regulated
community ard the pulic.

For ary given industy, eachtopic listed alove cauld abne ke the sulpect of

alengthy volume. However, in order to produce amanageable document, this

project focuses a providing sunmary information for eachtopic. This
format provides he reademwith asynopssof eachissueand references wiere
more in-dept information is available. Text within each profile was
reseached fom a \ariety of sources,ard was usudy condersed fom more
detailed saurces petaining to spediic topics. Thisappoachallowsfor a wide
coverage d activities that canbe further explored kased upo the references
listed atthe erd of this profile. Asa cteck o the information included,each
notebook wert throughanexernal docunent review piocess. The Ofice d
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Complianceappecitestheefforts of all those that paticipated nthisprocess
ard eraded us © dewlop more complete, accuste amd upio-date

summaries. Mary of those who reviewed his notebook are listed as catacts

in Section IX ard may be saurces ¢ addtional information. The individuak

and groupsonthislist do not necessarily concur with al statements within this

notebook.

|.B. Additional Information

Providing Comments

OECA'’s Office d Compliance phrs to peiodicaly review arl updae the
notebooks and will make these updaes available both in hard copy and
electronicaly. If you have any comments an the existing notebook, or if you
would like to provide addional information, please send a tard cqoy ard
computer disk o the BPA Office d Compliance, Sector Notebook Project
(2223A), 401 M St, SW, Washington, DC 20460. Comments canalso be
sent via the web page or to notebook@epamail.epagov.

Adapting Notebooks to Particular Needs

The scope of the indudry sector described in this notebook approximatesthe
national occurrence of facility types within the sector. In many instances,
indudries within specfic gearaphic regions or gates may have unque
characteristics hat are rot fully captred in these pofiles. The COfice d
Compliance erourages site ard local environmertal ageries anl other
groupsto supplenernt or re-packagetie informationincluded nthisnotebook
to include more specific indudrial and regulatory information that may be
available. Addiionally, interested gates may wart to suppkenern the
"Summary of Applicalle Federal Statutes anl Regudtions’ secton with state
ard local requirements. Compliance a technical assstarce poviders nay
also want to develop the "Pollution Prevention™ section in more detail. Please
contactthe appiopriate specalist listed on the goering page dthis notebook
if your office is interested in assisting usin the further development of the
information or policies addressed within this volume. If you are interested in
asssting in the development of new notebooks, please cotactthe Ofice d
Compliance at202564-2395.

Secbr Notebook Project 2 November 1998



Aerogpace Industry I ntr oduction, Background, and Smope

[I. INTRODUCTION TO THE AEROSPACE INDUSTRY

This secton provides lackgiound information on the ske, gearaphic
distribution, enployment, production, sales, ard ecaomic condition of the
aeospace ndusty. Fadlit ies described within this document are described
in terms of their Standard Indudrial Classification (SIC) codes.

[1.A. Introducion, Background, and Sope of the Notebook

Thisindusty secbr profile provides aroverview d theaeospaceindusty as
listed under SIC indudry groups372 aml 376. Establishmerts listed urder
these cdes pmarily manufacture aml assenble aircraft, space ehicles,
guided nissles, ard al the assoiated pats.

Within the indugry groups372,Aircraft ard Pats, and 376, Guided Mssiles
ard Space Velcles and Parts, are the following SIC cades:

¢3721- Aircraft

#3724~ Aircraft Engines ard Engine Pats

¢3728- Aircraft Parts and Auxiliary Equipment, Not Elsewhere
Classfied

*3761- Guided Mssiles ard ace Veltles

*3764- Guided Mssle ard Spmace Vehicle Propulsion Units and
Propulsion Unit Pats

*3769- Guided Mssile ard Space Velcle Parts and Auxiliary
Equipmert, Not Elsewtere Chssiied

While this notebook coversal of the SIC codedlisted alove, the large rumber
and variability of the produds will not allow a detaled description of each
Instead, commanalities in the indugrial processes, palutant outputs, and
pollution prevention opportunities will be identified and described in more
gerera terms. An overview of gereral manufacturing proceses within the
indudry will be presented, dong with descriptions of the actud produds and
information on the shate o theindusty. Althoughceittain products covered
under these $C cades nay not be spedicaly mentioned, the ecaomic,
pollutant output, ard erforcenment ard campliance das in this notebook
covers al esteblishmerts producing aepspace poducs.

SIC codeswere egablished by the Ofice d Managenent ard Budget(OMB)
to trackthe flow of goods aml sewices wihin the ecaomy. OMB isin the
process of changing the SIC code system to a system based on smilar
producion processes chdd the Nath American Industial Classficaion
System (NAICS). Inthe NAICS, the SC cades br the aeospace mdusty
correspand to the following NAICS codes:
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SIC  Indugry Secbr NAICS
3721 Aircraft 336411
3724  Aircraft Engines 336412
3728 Aircraft Pats 336413
3761 Guided Mssiles ard Sace Veltles 336414
3764 Space Veitle Ropulsion Units 336415

3769 Guided Mssile ard Sace Veitle Parts 336419

[1.B. Characerization of the Aerogace Industry

There aemany different aeospace poductsclassiied urderthe sk aeospace
SIC codes The productsproduced gearaphical distribution, ard ecaomic
trends d the aeospace mdusty are discusseddow. Figure 1 epresensthe
gereral stucture o the aerospace mdusty. The aeospace mdusty
operations are often classified as either military or commercial and as ether
original equpment manufacturers (OEM) or rework. Most aeospace
facilities specialize in either military or commercial and either rework or
OEM. OEM facilities might do both military and commercial work, and
lik ewise for rework facilities. Some facilit ies might even work in al areas of
the industy, as ndicated ly the ddted circle in Figure 1.
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Figure 1: Structure of the Aerospace Industry
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Source: NESHAP BID, USEPA/OAQPS, May 1994.

[1.B.1. Product Characterization

Theaelospace ndusty consists of marufacturers o aircraft, arcraft engines,
aircraft pats, guided nissles ard spacevehicles,ard guided nmissleard space
vehicle propulson unts ard pats. Table 1 Ists the products included in
aircratft, arcraft ergines,and spacerehicle am missle caegaies. Ore sairce
of manufacturer and model information is The Aerospace Sourebook
pulished by Aviation Week &Space €chnology
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Table 1. Produds Included in the Aerospace Industry
Categary Products

Military Fixed-Wing Aircraft Attack

Bombers
CagdTransport/Refuding
Early Warning
Electronic Wafare
Fighters

Observation

Parol ASW
Reconnassance
Research/Test Bed
Training

Utility

Commaercial Fixed-Wing Aircraft Narrow Body Turbofans
Wide Body Turbofans
Turboprops

Rotary-Wing Aircraft Naval

Scout/Attadk

Tiltr otor

Training

Transpart

Utility

Busgness & General Aviation Aircraft | Turbofan

Turboprop

Reciprocating Ergine-Powered

Gas Turbine Engines

Unmamed Aerial Vehiclesard
Drones

SpacelLaunch Vehicles Manned Systens
Unmanned Systems

Missies Air-to-Air
Air-to-Surface
Anti-Armor
Anti-Ballistic
Anti-Ship
Anti-Submarine
Surface-to-Air
Surfaceto-Surface

Souce: Aepgace Souwre Book Aviation Week &Space &chnology1/12/98.

These manufacturing fecilit ies are classified under SIC codes 372 aml 376 as
listed alove. Inorderto discussthe producion of thes patsin a squertial
manner, Sections Il and 1l of this profile are divided into four categories:
aircraft pats, aircraft asserhly, arcraft rework ard repar, and space ghicles
ard guded nissiles.

The dverse reture of paits reeded @ produce hese poducts requires the
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suppat of many other mgjor U.S. indudries. Many of the pats utilized by
aelospace manufacturers ae mede ly other industy secbrs suchas he
plasicsand rubber industy, the fabricated netal industy, the netal castng
industy, theglassndusty, the textileindusty, ard the ekctronic componerts
indudry. Manufacturing and assembling of complete units in the aerospace
indudry typically involves prime contractors and several tiers of
sulrontractors, as bllows:

*Prime Contraciors- Desgn (dewelop) ard assernle or
manufacture complete units.

oFirst Tier Subcontractors- Do magjor asserbly andor manufaciure
of sectons of air/space aft without
designing or assembling complete units.

*Secand Tier Subcontractors- Make various siassenblies ard
sectons.

*Third Tier Subcontraciors-  Producemachined conponerts ard sub
assemblies.

«Fourth Tier Subcontraciors- Specalize nthe production of paticular
componerts ard in spediic processes.

Typically, those facilities designated as “prime contractors’ are included in
SIC codes 3721, 3724, 3761 ad 3764. Both first and second tier
subcontraciorscorrespond to SIC codes3728 ad 3769. Third ard fourth tier
sulrontraciors may be included n a \variety of industy SIC cades
(EPA/OAQPS,1994)

Figure 2 illustrates the distribution of manufacturing facilit ies and value of
shipments within the aeospace ndusty. These fgures slow that while the
aircraft pats secbr of the aeospace ndusty is by far the largestin terms o
number of esteblishmerts, the finished arcraft secor has the largestvalue d
shipments.

The arcraft-related pation of the aelospaceindusty is muchlargerthanthe
spacevehicle ard missie portion. The arcraft portion comprises 9%ercen
of the establishmerts ard 79 pecert of the value d shpments. Howe\er,
considering the small percentage of facilit ies engaged in guided missile and
space ehicle manufacturing (2 pecert), the value of shpments is relatively
high (15 percent). In general, facilit ies which are responsible for assembling
the final aenspaceproducts are few ard their producion rates ae low, but
the value of eachof their products greaty surpases that of the suppating
indudries.
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Figure 2: Number of Establishments and Value of Shipments for the
Aerospace Industry
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Source: 1992 Casusof Manufcturers, USDOC,1995.

Aircraft Enginesand Engine Rarts and Arcraft Parts and Equipment

Theaircraft ergines, ergine pats, ard arcraft patsindudry isclassified urder
SIC 3724 ad 3728.Fadlit ies producing these parts employ processes similar
to many other metal casting, fabricating, and finishing facilit ies, as well as
processes from a wide fange d other indudries. Typical products
manufactured by these facilit ies include: engines, exhaust systems, motors,
brakes, landing gear, wing assemblies, propellers, and many other related
products. The piimary cusbmers for theseindustiesare the esadishmerts
involved n the asembly of arcraft, clasified urder SIC 3721.

Aircraft Asserbly

The arcraft industry is made up of establishments primarily engaged in
manufacturing or assembling complete aircraft and is classified under SIC
3721. This industry also includes egablishmerts owned by aicraft
manufacturers ard primarily ergagednreseachard developmert on aircraft,
whether from erterprise funds or on a catract or feebasis (Cersus, 1995)
There are many different typesof arcraft included n this indudry, from
arrplanes and helicopters to blimps and balloons. However, this profile
focuses pmarly on the producion of arplares sice tey represen the
larged portion of the indudry. Typical products includefixed wing arcraft,
helicopters, gliders, balloons, ard reseach ard deelopmert on arcratft.

The major cusbmers of the arcraft industy are canmercial arlines aul
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transport companies and the military. Figure 3 shows the distribution within
the indudry of vaue of shipments and number of establishments. Civilian
aircraft represens the largestpercertagesin value d shipments ard number
of establishments. Approximately one-third of the establishments in this
indudry areinvolved inthe repar and rework of aircraft. These facilitieswill
be discussed in Section II.

Figure 3: Value of Shipments and Number of
Establishments for the Aircraft Industry

(millions of dollars) (number of establishments)

Military Aircraft

Civilian Aircraft

Modification, Conversion, and Overhaul
Other Aeronautical Services

o
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Souce: 1992 Casusof Manubcturers, USDOC,1995.

Guided Mssiles and Space &hiclesand Associated Rarts

The guded missles ard space &hicles ndusty includes esblishmerts
primarily ergagedm manufacturing ard reseacch ard developmert on guided
missles am space shicles, propulsion unts, and parts. Typical products
covered underSIC 3761,3764,ard 3769 nclude guiled anl ballistic missiles,
space ath military rockets, gpace \ehicles, propulsion units amd ergines for
missies aml space shicles, airframe asserhlies, ard reseach ard
developmert onthese products. The piimary cugomer for thisindudry isthe
military, however space \ehicles ae ako used ly commercial entities br
releasing communications satellit es.

Figure 4 illustrates the specialization within the guided missile and space
vehicle indugry. The Censusof Manufacturers identifies only 31 facilit ies in
this sector. Value of shipment daa is not available for facilit ies providing
R&D and other servicesto protect individud facilit y confidentiality. Only six
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facilities, or less than a quarter of the facilit ies in this industry, are producing
complete space ehicles. The value o shpments for these &dlit ies, however,
comprised more than three-quarters of the totd value of shipments for the
indudry.

Figure 4: Value of Shipments and Number of Establishments
for the Spae Vehicles and Guided Missiles Industry

(millions of dollars) (number of establishments)

$1,6427

$8,427.3

Complete Missiles

Complete Space Vehicles
R&D-Missiles
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Other Services-Missiles

Other Services- Space Vehicles
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Source: 1992 Casusof Manufcturers, USDOC,1995.
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[1.B.2. Industry Size and Geographic Distribution

Figure 5 slows the US. distribution of aespace &cilities. Generally, the
geayraphic distribution of aeispacefadlit iesis deermined by the location of
indudrialized areas of the courtry. As with many manufacturing indudries,
the easeof transportation of maerials, produds, and skilled workersinfluence
facility location.

Figure 5: Geographic Digribution of Aerogpace Manufacturing Facilities

Source: 1992 Casusof Manufcturers, USDOC,1995.

Table 2 lists the facility sze distribution within the aerospace sedrs. As
prevoudy mentioned, the arcraft ard arcraft patsindugry (1,745 fadlit ies)
is more than ten times larger than the space ehicles, guided nissles, ard
patts indudry (140 fdlities). Aircraft and arcraft pat manufacturing
generally employsless people pe facilit y than spacevehicle arl guded nissie
manufacturing. Howewer, the rumber of enployees m the aircraft industies
still overshadows that of the missile and space hicle indudries, 6459
thousand ard 1496 thousand respecively.
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Table 2: Fadlity Size Distribution for the Aerogpace Industry

Aircraft an d Aircraft
Engines and Parts

Aircraft ( SIC 3721)

Aircraft En gines and
Engine Parts (SIC 3724)

Aircraft P arts and
Equipment (SIC 3728)

(SIC 372)

Empoyees |Number of |Percertage d |Number of |Percertage [Number of |Percertage d | Number of |Percertage d

pe Facility |Facilities Facilities Facilities |of Facilities |Facilities Facilities Facilities Facilities

1-9 652 37% 60 33% 112 26% 480 43%

10-49 543 31% 42 23% 130 29% 371 33%

50-249 340 19% 29 16% 129 29% 182 16%

250-2499 |173 10% 32 18% 63 14% 78 7%

2500 + 37 2% 19 10% 8 2% 10 1%

Total 1,745 100% 182 100% 442 100% 1121 100%
Space \khicles Guided Space \khiclesand Space Propulsion Units Space \khicle and Guided
Missiles, and Parts Guided Missiles and Parts Missiles Parts (SIC 3769)
(SIC 376) (SIC 3761) (SIC 3764)

Empoyees |Number of |Percertage d |Number of |Percertage [Number of |Percertage d | Number of |Percertage d

pe Facility |Facilities Facilities Facilities |of Facilities |Facilities Facilities Facilities Facilities

1-9 26 19% 4 10% 6 14% 16 27%

10-49 27 19% 5 13% 8 19% 14 23%

50-249 31 22% 5 13% 8 19% 18 30%

250-2499 |37 26% 12 32% 15 36% 10 17%

2500 + 19 14% 12 32% 5 12% 2 3%

Total 140 100% 38 100% 42 100% 60 100%

Saurce: 1992 @nsus of Manufadurers, Indugry Sefes Aerospa@ Equipment, Induding Pats, US Depatment of Commerce, Bureauof the

Cenaus, 1995.

Note: 1992 @&nsus of Manufadurers dat are the nost recent available. Changes in the nunier of facilitie s, Iacation, and employment figures
since 1992 ag nd refleded in these dah
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Table 3further dividesthe geagraphic distribution of aelospace &cilities. The
top sttes h which the aelospaceindusties are concertratedare given along
with their respecive rumber of esgeblishmerts.

Table 3: States wih the LargestNumber of Aerospace Manufacturing Facilities

Aircraft and Aircraft P arts Space \khicles Guided Missiles
(SIC 372) and Assaiated Parts
(SIC 376)
Top Sates Estadishments || Top States Estadishments
California 393 California 49
States in which indudry is Texas 140 Arizona 9
concentrated, based on number of Washington 136 Texas 8
estadishments Connecticut 126 Alabama 7
Percent of Total 45% 52%

Source: 1992 Caisus of Manufacturers, Indudry Seies. Aerogpace Equipment, Including Parts, US
Department of Canmerce, Bureau o the Census, 1995.

Duné& BradsteetsMillion Dollar Directory, compilesfinancial dataon U.S.
companes including those gperating within the aeospace ndusty. Dun&
Bradsteet ranks US. comparies, whether they are a paent compary,
subsidiary or division, by salesvolumewithin their asigned 44igit SIC code.
Table 4 Iststhe top 10 aeospace conpanes by saks.

Table4: Top U.S. Aerogpace Companies

Rank | Company 1997 @les | SIC Cade(s) Reported
(millions of
ddlars)
1 General Electric Co- Fairfidd, CT 79179 3724,3511,3612,3641,3632,4833
2 Lockheed Martin Cao.- Bethesda, MD 26875 3721,3761,3663,3764.3812,3728
3 United Technologies Carp.- Hartford, CT 23273 3724,3585,3534,3721,3842,3714
4 The Boeing Ca- Seattle WA 22681 3721,3663,3761,3764,3812,3728
5 Hughes Electronics Carp.- Los Angdes, CA 14,772 3761,3812,3714,3651,3663,3699
6 Allied Sgnal Inc.- Morristown, NJ 13971 3724,3812,3728,3761,3714,2824,
2821
7 McDonnel Douglas Carp*-Saint Louis, MO 13834 3721,3761,3764,3812,6159
8 Textron Inc.- Providence, Rl 9,274 3721,3714,3452,3711,6141,6159
9 Northrop GrummanCarp.- Los Angdes, CA 8,071 3721,3761,3728,3812,3825,4581
10 | The BF Goodrich Co.- Richfied, OH 2,238 3728,3724,7699,2821,2843

Source: Dunn & Braddreet’'sMillion Dollar Directory, 1997.
ote: Not all sales @n be attributed to the companies aerospae operations.

M cDonnell Douglas Carp. is now pat of The Boeing Ca
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Reades slould note that (1) comparies ae asgined a 4digit SIC cadethat
resembles their principd indugry most closely; and (2) sales figures include
total compary saks, including sulsidiaries anl operations (possbly not related
to aepspace) Additional saurcesof compary spediic financial information
include Sardard & Poor’s Stock Rport Sewice, Ward’ s Business Drectory
of U.S. Public and Rivate Companies Moody's Maruak, ard campary
annud reports.

The Bureau d the Cersuspulishes concertration ratios, which measue the
degeeof compettionina market. Theycompute the percertageof thevalue
of products shipped by establishments classified within anindudry of thetotd

value d theseproducisshippedfromary esteblishmert. Withinthe aeospace
industy, the arcraft industy ard the spaceehicle ard gudedmissieindusty
had the greaed coverage wtios in 1992: 97 pecert each The arcraft

engine, arcraft pats, propulsion unts, and auxiliary space \ehicle equpmert

coverage ratios were 95, 74,86, ard 40 pecert respectively.

[1.B.3. Economic Trends

Growth in the US. aeospace ndusty will be influenced by severa key
factors, including constrained deense speding by the US. ard foreign
governments, increased pyducivity and tecmological innovation, foreign
competition, continuing expandon of the global economy, investment in
reseach ard deelopmert, offsets and outsourcing, ard suppat by foreign
governments for their indugries.

Domesic Trends

In recen yeass there has been considerable consolidaion of aeospace
companies, epecally those suppling the military. This has resulted in some
reductions in labor force anl closing of same aelospacefadlitiesin the U.S.
Howewer, in constant 1992dollars, the value d U.S. shipments in 1996 ¢
complete aircraft (all types, civil and military) rose by about Sx percent over
the value d shipmentsin 1995. The valueof those ipments wasexpeced
to rise further by alout thirty percert in 1997 ad alout five percert in 1998.

Milit ary

In Sepenber 1996,Congress pased aDOD budgetfor FY 1997 tat, for the
first time in more thana decadedlid not reduce speding from the previous
year. In addtion, the legislation provided nore funding for procurement of
aircraft and missiles thanDOD hed requesed. Also, DOD reduced @inding
for R& D, which meansthat private companieswill haveto increasetheir share
of the total amount spem on R&D if the overall level of tecmology
investment and advancement is to be mantained.
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In the missles seobr, air-to-suiface weapos stould experierce the nost
growth relative to other types ¢ missies. Strong focus will be placed o
improving guidance capabilit ies, manly through the use of the U.S. Global
Pasitioning System (GPS)(USDOC 1998)

Commercial

Of al theaeospacesecbrs,thelarge cvil trarspat arrcraft secor isexpeced
to expelierce he fasted rate of growth from 1997 trough 2001. With the
significart increa® in producion rates urdettakenby Boeing in 1996, the
value of shipmentsin 1997 d large cwil trarsports could be asmuchassixty
percert higher thanthat of 1996,with arother increag o alout ten percert
expeced n 1998 USDOC 1998)

EvenasU.S. aeospace waokers ae leing laid off because bconsolidation
in same comparies, workers ae keing hired by other firms because D
increasng orders. Sales o large rarspat aircraft are eypecedto comefrom
the retirement ard replacenert of aircraft plusaddtional aircraft to alow for
air traffic growth (USDOGC 1998)

The arcraft ergines armd pats sectors abo should see poducion ard
shpments increase as supgpts respand to increased pyducion rates by the
manufacturers d commercia trarspats. The market for commercia
trarsport ergines alone is expeced D total from $150 filio n to $175 lillio n
between1996 ad 2005 USDOC 1998)

Intemational Teends

The nternationalization of aeospace pograms is increasing, ard the US.
aespace ndusty isdepewlert on exportsfor athird of its market. The US.
aelospace mdusty is affected sgnificartly by the ecomomies d foreign
courtries. Theawerageamualincreasen world GDPis expeced D be three
percert from 1996 trough 2005. The main barriers fachg U.S.
manufacturers are foreign government suppat for their aeiospace ndudries
through direct ard indirect sulsidies, tariffs, ard difficult and expensive
licersing procedues. Additionalaccess aald beguaianteedf effortssucceed
to expand membership and broaden the disciplines of several aircraft-related
trade ageenerts (USDOC 1998)

Milit ary

The stuaton for firms in the deénse indudry is mixed. While some
governments, suchasthose d North America aml Europe (ith the largest
defense ludges), continue b seek wagto reduce heir milit ary expenditures,
governments in Sauth America (ith relatively small defense budges) are
maintaining or increasng their defense speding. Howewer, current ecaiomic
crises n Asia may reduce eports t same countries. The pace ©
consolidation in Europe d aeospace ad deense canparies, which began
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later thanin the U.S., is escahting justas he nergerrate in the U.S. appeas
to be dowing (USDOC 1998)

Commercial

Overall improvement in the gbbal ecaromy has kuoyed he fortunes d the
world’s airlines World ar pasenger traffic rose eachyear from 1994 b
1996,ard increa®d traffic by arlinesal overtheworld produceda sgnificart
turnaround in the large rarspat aircraft market, the largest pat of the
aircraft industy. The cvil aircraft secbr exports 60 pecert of its tota
producion ard represens alout 20 pecert of the overall U.S. aerospace
indugry (USDOGC 1998)

Asian economic problems have not had srious widegpread mpacs on the
aelspace mdusty to dae. Comparies suchas Lockheed Matin ard Boeing
esimate that alout five percen of their contracts for the next five years ae
tied b thatregion. It ispossblethat, considering the strength of the industy
and the economy outside of Asia, other cusomers may step in and eiminate
lower producton rates (Smith, 1998)

Commercial spacedunch providers ako are lenefiting from the improved
economic stuaion. Consumer damand for direct-to-home television, voice
and daatransmission, and other satellit e servicesis increasing the demand for
satellit es and therefore for gpace dunch vehicles b place tem in orbit
(USDOC 1998)
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INDUSTRIAL P ROCESS DESCRIPTION

This section describes the mgor industrial processes within the aerospace
industy, including the neterials ard equpmernt used,ard the piocesses
enployed. The sedn is desgned r those interested n ganing a geeral
understanding of theindustry, and for those interested in theinter-relationship
betweentheindustialprocess ad the topics desdbed n sutsequen sectons
of this profile -- pdlutant outputs, padlution prevertion oppartunities, ard
Federal regulations. This section does not attempt to replicate published
ergineeiing information thatisawailable for thisindusty. Refr to Secion X
for a st of resauirce materals a contacts that are aaiabe.

It is importart to note that the FAA places ery dsrict “airworthiness”
guidelines on manufacturing and rework facilities for safety and quality
control purposes, thusnew palution prevertion akernativesmay require a ull
evaluaton ard pemitting process bfore they may be used.

This secton contains adesciption of commonly used poducion processes,
asseiated raw materals, by-products produced o releasedand materials
either recycled a trarsferred df-site.  This discussn, coupled wih
schematic drawingsof theidertified pocessesprovide a cocise desaption
of where wases nay be pioduced i the piocess. This secton also descibes
the potential fate (viaair, water, and soil pathways) of these waste products.
Figure 6 slows a gesra aeospace nanufacturing process dagram.

Figure 6: The Aerospace Manufacturing Proces

Raw Materials
Aluminum and alloys
Ferrous alloys
Copper and alloys
Titanium and alloys
Metal Working| | Surface Finishing Component Final Assembly| | Maintenance
Machining | Degreasing —» Assembly —>  Cleaning | Stripping
Shaping Descaling Cleaning Painting Cleaning
Heat Treating De-oxidizing Painting Rework
Etching Bonding * and Repair
Anodizing Sealing
Plating Touch-up Product
Passivating Aircraft # ﬁ
Missile i )
Rocket > Field Operations
Engine

Souce: Aepgace Indusies Asociation Newgletter, October1994.
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lll. A. Aircraft Engines and Parts Industry

Manufacturing proceses for arcraft ergines ard pats may consist of the
following basic operations. materials receving, metal fabricaing, machning
and mechanical processing, coating gpplication, chemical milling, heat
treaing, cleanng, metal processng ard finishng, coating removal
(depanting), composite processing, and testing. Many facilit ies employ all of
these processesin their operations, however, afacility may aso employ only
a subset of these operations as with a facility that produces a single
component or a facility that provides a service such as panting
(EPA/IOAQPS,1997)

In addtion, there ae a mmber of operations that may be used ataircraft
engine and patsfacilit ies but are not typical and are performed in conjunction
with a variety of industies, suchas bundry operations ard manufacturing of
electronic componerts. For more information on foundry operations, see he
Profile of the Metal Cading Indugry, EPA, 1997. For more information on
electronics aml canputers, see be Profile of the Hectronicsand @mputer
Indugry, EPA, 1995.

. A.1. Materials

There ae many different materials involvedin the producton of ergines ard
patts. The nost common materials ae aloys of aumnum, which are used
primarily for aircraft structural componerts ard exerior skin sectons. Other
maerials are titanium, Sainless seel, magnesum, and non-metallics such as
plasics, fabrics, ard canposite neterials. Typical forms o materials ae
honeycomb, wire mesh, plate, sreetstock, bar cast ard forged naterials.

Metallic Alloys

Aluminumis used as a pnary structural material in the aeospace ndusty
becawse of its light weight, and becausets aloys canequalthe stength of
steel. The &bility to resist atmospheric corrosion dso favors the use of
alumnum The type d aloy metal used depeds anthe degied characteristics
of the finished produd such as strength, corrosion resistance, meachinabilit y,
ductility, or weldability (Horne, 1986)

High strength dloys typically contain coppe’, magnesium, slicon, and zinc as
their aloying eenmerts. Other aloying agens that may be used ag: lithium
for lightness; nickel for strength and dudilit y; chromium for tensile strength
and dastic limit ; molybdenumfor strength and toughness; vanadiumfor tensile
strength, dudility, and eastic limit; slicon as a deoxidizer; and powder
metallurgy aloys for strength, toughmess, and corrosion resistance (Horne,
1986)
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The dewlopmert of the gas @irbine andthe ewlution of ergines required
meaterials with greatresistarce b temperature, stress,arnd oxidaton. Nickel
based dbys have a high resistarce b oxidaton ard are usedor compressa
blades ad guide \anes, discs, turbine Bades,shafts, casngs, combusion
chambers, and exhaug systems. Titanium alloys have excellent toughness,
fatigue stength, corrosion resistarce, temperature resistarce, and a bower
dersity than steel Titanium aloys are frequenly used 6 make hot-erd
turbine canponerts ard turbine rotor blades(Horne, 1986)

Non-Maallic Mateials

Plasics,catonand glasdibers, ard synthetic resinsard pdymersare al used
in aeospace manufacuring. There ae two types ¢ plasics used,
themmoplasics aml thermoseting materials. Themoplasic neterials ae

softened by heating and will harden on cooling and can be extruded (material

is pressue forced trougha skapedhole), injecion molded(soft material is

forcedinto a mold througha scew injector ard pressue), or thermoformed
(matenal iscastinamold with heatard pressue). Themoseting plasics ae

hardered ty heaing ard form rigid three dmensiona structures trough
chemicalreactons. They are typicaly compression molded Horne, 1986)

For more information on non-metallic materials, refer to the Profile of the
Rubberand Radic Indudry, EPA, 1995.

Carbon and glass fore stands ae useda reinforce plasicsfor strength ard
stiffn esswhile remaning lightweight. Synthetic resins and polymers are used
as adbsives which produce smoth bonds aml a stiff structure which
propagaescracksmore dowly thanin a fiveted gructure (Horne, 1986)

lll. A.2. Metal Shaping

Another major processin the manufacturing of arcraft ard other aeospace
equpmert ismetal shaping. Shaping operations take raw materials ard alter
their formto make the intermediate ard final product shapes. There ae two
phases 6 shapng opertions. primary ard secmdaly. Primary shaping
consists of forming the meal from its raw form into a sheet, bar, plate, or
some other preliminary form. Secondary shaping consists of taking the
preliminary form and further dtering its shape to an intermediate or final
version of the pioduct Exanples d primary and secadary shaping are listed
in Table 5 below. Brief descriptions of the most common operations follow
the table.
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Table 5. Primary and Seondary Shaping Opeations
Primary Shaping Opeations Secandary Shaping Opeations
Abrasive JetMachning Stamping

Castng Turning

Drawing Driling

Electrochemcal Machning Cutting ard Shaping
Electron BeamMachining Milling

Extruding Reaming

Forging Threadng
ImpactDeformation Broaching

LASER BeamMachning Grinding

Plasma Arc Machning Polishing

Pressure Deformation Planing

Sand Blasting Deburring

Ultrasonic Machining

Souce: Pollution Prevention @tionsin Metal Fabricated Roducts USERA,
January 1992

Primary Shaping Opeations

The nost common primary shapihng operations include cashg, forging,
extruding, rolling, cutting, coining, shearing, drawing, and spinning. Each of
these penations s briefly descibed below.

Metal casting involves the introdudion of molten metal into a mold or die
having the external shapeof the desied castpat. The nold or die isremoved
whenthe netal has caoled andsolidified. Metal castng operations canbe
classfied as ¢her foundries a diecastrs. The pimary difference s that
foundries pour molten metal relying on gravity to fill t he mold and die casters
use mechines to inject molten metal under pressure into the mold. Foundry
moldsaretypicaly usedonly oncefor eachpat. Theyare dten made d sard
grains bound together with chemicak a clay. Die casing molds ae dten
reused bousards d times ard are pat of a largerdiecasing machine that can
achieve very high producton rates. Foundries typicaly produce érger
airplane paits suchas egine blocks, turbine am campressa paitts, ard other
mecharical pats from both ferrous and non-ferrous netals. Die cas#rs
typically produce gmaller intricate pats from non-ferrous meals
(EPA/OECA, 1995) For a nore detiled discusson of metal casting
operations see he Profile of the Metal Cading Indugry, USEPA, 1997.

Once the noltenmetal isformedinto a warkalle shape,sheaing ard forming
operations are usudly peformed. Sheaiing operations cut materials into a
desred shapearnd size, while forming operations bend or form materialsinto
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speciied stapes. Sheaing operations include purhing, piercing, blarking,
cutoff, parting, and trimming. These operations produce holes, openings
blarks, or parts. Forming operations shape pats by forcing them into a
specfic canfiguration, ard include kending, exruding, drawing, spinning,
coining, and forging. Bending is the smplest forming operation; the pat is
simply bent to a spedic angle or shape ad normally produce fat-shapes
(EPA/OECA, 1995)

Extruding is the process of forming a ecific shape from a solid blank by
forcing the Hark through a de o the desired shape. Complicated aml
intricate cross-sectional shapes can be produced by extruding. Rolling isa
typeof extruding thet passesthe material throughaset or seriesof rollersthat
bend ard form the pat into the degied stape. Caining, arother type d
extruding, alters the form of the pat by charging its thickness, producing a
three-dimensional relief on ore or both sdesof the part, as found oncoins
(EPA/OECA, 1995)

Drawing ard spinning form sheet stock into threedimensional shapes.
Drawing uses a push to forcethe sheetstock into a de, where the desied
patt shape s formed in the space btweenthe purch ard die. In spnning,
pressure is gpplied to the sheet while it spins on arotating form so that the
sheetacqures the diape ¢ the form (EPA/OECA, 1995)

Forging operations produce a spefic pat shape,much like casing. The
forging process $ used m the aeospace ndusty when manufacturing pats
suchas pstons, connecting rods, and the aluminum ard seel portion of
wheek. Howewer, rather thanusing noltenmaterials, forging uses eternally
appled pressue that either strikes o squeezeslageatedblark into a de o the
required shape. Forging operationsuse nachnes hatappy repeatdhammer
blows 0 a red-hot blark to force e neterial to conform to the slape @ the
die gpening. Squeeazng acsk in muchthe sane way, exceptit usespressue
to squeezeather thanstrike the dark. Forging typicaly uses a se¥s d die
cavties to charge the slape d the Hark in incremerts. Depenling on the
shape,a forging die canhave from one o over a dazenindividual cavties
(EPA/OECA, 1995)

Seconday Shaping Opeations

Sheaiing (or cutting) operations include purhing, piercing, blarking, cutoff,
parting, shearing, and trimming. Basically, these are operationsthat produce
holes a opernings, or that produce tarks a pats. The nmost common hole-
making operation is purching. Fiercing issmilar to purching, but produces
a raised-edge lole rather thana cuthole. Cutoff, parting, and sleaing are
similar operationswith different gpplications. parting producesbothapart and
scrap piecesgcutoff and sheaing producepaitswith no sciap; sheaiing isused
where the cutedge $ straight; ard cuff produces aredge shpe etherthan
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astraight edge Trimming is peformed to shape or remove excess maerial
from the edgeof patts (EPA/OECA, 1995)

Turning, drillin g, and reaming processes typically use alathe, which holds and
spnsthe workpieceaganst the edge ba cuting tool. Drilling machines are
designed for meking holes and for reaming, or enlarging or finishing existing
holes. Millin g machines use muitiple edgecuttersto cut unusud or irregular
shapesinto the warkpiece EPA/ORD, 1990)

Broaching is a piocess wereby internal sufaces suclas loles o circular,
squae or irregular shapes,or exernal sufacesike keyvays ae finished. A
many-toothed cuting tool caled a boach is used m this process. The
broacHsteet aregradedn sizein sucha waythat eachone cus a snall chip
from the warkpiece ashe tool is pusted or pulled either pastthe warkpiece
surface, or through a leader hole. Broaching of round holes often gives
greaer accunacyard better finish thanreamng (EPA/ORD, 1990)

Deburring involves removing netal shavings and burs clinging o the cut
edges of pats after machining has been completed. Deburring is typically
done by one o two proceses. Snall paits canbe dehlurred in a unmbler
where the burrs are smoothed off the pat by the constant friction with the
tumbling media. This proces, howewer, is not appiopriate for long pats.
Instead, long pats are scrubbel with an abrasive pad byhand o buffed with
a povertool. The kuffing operation canbe performed either by hand or in an
aubmatic operation (EPA/OAQPS,1994)

Parts may also be honed ard huffed to snooth their surfaces;spray-washed
with anakaline ckarer; ard down dry using compressedair. A protecive
coating of oil may be appled to paits that are sbred on-site or shippedoff-
gite to a heat-treating fecility (EPA/NRMRL, 1995)

The netal working process ceats nuch heatard friction. If the heatard
friction are rot reduced,the tools usedn the piocess a& quckly danmeged
and/or destroyed. Also, the qudity of the produds made is diminished
because Dinefficiert tools and danage © the piroduct while it is being
manufactured. Coolarts reduce fiction atthe tool/substrate interface ad
trarsfer heatawayfrom the tools ard the material being processedreducing
the time to process e netal, increasing the quaity of the workmanship, ard
increasing tool life. The &bility to transfer the heat awvay from the meal
working process is why metal working fluids are often called coolants (Ohio
EPA, 1993)

Oils are retural lubricants ard provide this qualty to coolarts that are
petroleumbased. Other coolarts ability to reduce fiction comes from
lubricating additives. During the metal working process, heat diffusesinto the
coolart. The heaed cwlart flows df the wak area nto a cdlection
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container or sunp, where it cools df ard thenertersthe cycle agan. Water
has exelent cooling characteristics aml many coolarts contain water or are
primarily water. Soluble oils and semi-synthetic oils have both water and oil
componerts. Coolarts containing both oil ard water require surfactarts to
form and mantain emulsions, a mixture of the oil and water, 0 that both
propettiescanwork together (Ohio EPA, 1993)

Heat Treating

Heat treating is the madification of the maeria’s or pat’s mealurgical
propetties tiroughthe appicaion of controlled heaing ard caoling cycles.
For exanple, aluminum outer skin parels undergo a bw temperature oven
bake after forming to provide greaer stress blerance. Heattreaing canbe
performed either before or after machning ard includes cabourizing
(impregnating the suface wih caibon), amealng (softening), stress elief,
tempeling, ar furnace teaing, ard sat pa treaing. Chemicak, suchas
metharol, are diten used m heat treaing ovens to maintain a clemicaly
redudng amospherein order to obtain the proper meallurgical propertieson
the suface @ the pat being treaed. After heattreaing, the pats canreither
be cooled n anbient air or placed m a iquid querthing bath. The queh
bath is typicaly a glycol solution, a chromae solution, or an oail
(EPA/OAQPS,1994)

Heattreatedpars canalso be machined, honed, ard delurred ater theyare
returned © the plrt. After machning, the pats ae typicaly sprayed with a
protective oil coating that controls corrosion urtil they are further processed
(EPA/INRMRL, 1995)

lll. A.3. Metal Finishing

Metal finishing ard ekctoplating actvities ae peformed on a rumber of
metals ard serve a \ariety of purpaoses; the primary purpose being protecion
aganst corrosion. Without metal finishing, products madefrommetalswould
last only a fraction of their urfinished ifesspan Metal finishing aters the
suiface & metal productsto erhance popetties suctas corosion resistarce,
wear resistarce, electical conducivity, electical resistarce, reflecivity,
appearance, torque tolerance, solderability, tarnish resistance, chemical
resistance, ability to bond to rubber (vulcanizing), and a number of other
specal propetties €.9. electropalishing stkrilizes sainlessstee) (EPA/ORD,
1994)

These plating processes involve immersing the article to be coated or plated
into a seies d baths cansisting of acis, bases,sats, etc. A wide \eriety of
materials, processes, and produds are used to clean, etch, and plate metallic
and non-metallic surfaces.Typicaly, metal patts a work pieces udergo one
or morephysical, chenical and electrochenicalprocessesPhysicalprocesses
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include luffing, grinding, pdishing, ard baging. Chemcalprocesesinclude
degeasng, cleanng, pickling, milling, etching, pdishing, ard ekctoless
plating. Electrochenical processesnclude pating, electropolishing, ard
amdizing (EPA/ORD, 1994)

Cleaning/Repaiing

Clearing
Aerospace coponerts are ckared tequenly during manufacturing to

remove contanminarts such as dit, grease,ard ail, ard to prepare the
componerts for the next operation. Cleanng isimportant in orderto ersure
the successt applcation of later suface teaments. There ae three main
types d cleanng: aqueais,organc sdven, ard alvasive. Aqueaus ckarnng
covers a wide variety of cleanng methods suchas deg¢rgerts, acds, ard
alkkaline canpounds b displce sd rather than dissdving it as n organc
sdvent cleaning. Aqueaus ckarers ae ether spiayed or used m cleanng
baths ultrasaiic baths, ard in stteamcleanng. Three ypes ¢ aqueals
cleanng favored by the aeospace mdusty are:

semulsification cleaning- emulsification cleaning useswater-immiscible
sdverts, surfactarts, ard enulsifiers.

sacd cleanng- sufuric acd or hydrochloric acd is usedto remove
scak from metal; acd cleanng is sametimes krown as pekling beths.
salkaline ckanng- alkaline ckanng sdutions (usualy hot) contain
builders (sodium sats o phosphate, catonae, ard hydroxide) ard
surfaciarts (detergerts ard oap) (CARB, 1997)

Abrasive cleanng is mechancal cleanng usng alrasives suchasroughfabric
scrubbing pads sandpapey tumbling barrels, buffing wheek, and Hasting
equpmert. Abrasives nay be added ¢ acd or alkaline cleanng sdutions o
improve cleanng acton (CARB, 1997)

Masking

Maskans are caatings hat are appied to apait to protectthe suface fom
chemical milling and surface teaiment processes suchs andizing, plating,
ard bonding. Maskarts are typicaly rubber- or paymeric-based suktances
applied to an entire pat or subassembly by brushing, dipping, spraying, or
flow coating. Two major types ¢ maskarts are used:sdvent-based ad
waterborne. After an adequée thickness of maskant has been applied to the
pat, the maskart is cured in a keke oven The maskart isthencutfollowing
a spedic patern ard manualy stripped awayrom sekctedareasof the pat
where metal is to be removed. The maskant remaning on the part protects
those aeas fom the ething sdution.

Chemical Miling
Chemical milling is used to reduce the thickness of selected areas of metal
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partts in orderto reduce weght. The process s typicaly used wienthe ske
or shape of pats precludes mechanical milling or when chemical milling is
advantageousdueto shorter processing time or its batch capability. Chemical
milling is accamplished by submerging the camponert in an appopriate
etchart. Commonly used etharts are saliumhydroxide for auminum, nitric
acd ard hydrofluoric acdfor titanium, dilute sulfuric acd for magnesum, ard
agua egia (@mixture of nitric ard hydrochloric acds)for stainlesssteel The
deph of the cutis closely controlled by the length of time the canponert is
in the etchant and the concentration of the etchant. When the milling has been
completed, the pat isremoved fromthe etchart ard rinsed wih water. Some
metals may develop a smutty discoloration during the chemical milling
process.A brightenng sdution, suchas diute nitric acd, istypicaly usedas
afinal step inthe processto remove the discoloration. After desmutting, the
pat ether goes back to chemical milling for further mea removal or to the
stripping area b have the maskart removed. The maskan may be sdtered
in a ©lvert solution ard thengripped df by hand (EPA/OAQPS,1994)

Anodizing

Anodizing useslte pece b be coated, gererally with analumnumsurface,
as amarode h anelectolytic cel. Anodizing provides aiminum paits with
ahard abrasion- and corrosion-resistant film. This coating isporous, dlowing
it to be dyed or to absarb lubricants. This method is used both in decorative
applcatonandinergineeing applcatonssuchas aicraft landing gearstruts.
Anodizing isusudly performed usng ether sulfuric, boric-sulfuric, or chromic
acid often followed ly a ot water bath, though nickel acetite a sadium
potassium dichromate sealmay also be used EPA/OECA, 1995)

Passwvation

Passivation is a chemical process in which pats are immersed in a solution
containing astrong oxidizing agem. Thisforms a tin oxide byer on the pait
suiface providing carosion protecionard increasing adhesion of sutsequen
coatings It is often used before maskant gpplication in the chemical milling
proces (EPA/OAQPS,1994)

Pickling

Pickling isa piocess dchemcalalrasion/etching which prepaessuifacegor
good pant adresion. The pckling proces is used nainly for prepaing pipe
systens ard snall pats for pant. However, the process ad qudities will
vary by facility. The process involves a system of dip tanks. In pickling steel
patts, The first tank is used © remove ary oil, grease,flux, and aher
contamnarts on the suifacebeing pickled. The pat isthenimmersed into a
5-8% causic soda aml waker mixture (pH 8-13) maintained attemperatures
of between180°-200°F. Nex, the geelis dipped nto a 6-10% acd/water
mixture mantained between 140°-160°F(EPA/OECA, 1997) Most cabon
steel is pickled with sulfuric or hydrochloric acid, while gainless sed is
pickled with hydrochloric, nitric, ard hydrofluoric acds(EPA/OECA, 1995)
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The fourth tank contains anacd rinse tank that is maintained ata pH d 5-7.
Findly, the seel pat is immersed in a rug preventative 5% phosphoric
mixture. The pat is then dlowed to fully dry prior to pant application
(EPAJOECA, 1997)

Polishing

Polishing is used & some facilities to clean and finish the outer skin of the
aircraft. The pdish is a Ightly abrasive metal clearer that is buffed on the
metal suface thenwipedoff. Thepolishgives a nirror-like suface fnishard
is usudly applied instead of pant. Polishing can also be used on other metal
parts as a @anng sep.

Conversion Coatings

Conversion caating istheprocesof charging a netal’ s suface claracteristics
by appying a eactve cremcalto the neta’s suface @ by reactng the netal
ina ctemcalbath. The desied resulk isimproved coating adresion, increased
corrosion resistarce, or both (EPA/OAQPS,1994)

Aluminum surfaces ee treaed wih various cowersion coatings depeding
upaon the articipated environmertal conditions or performance equirements
suchas carosion, electrochemcal insuktion, ard albvasion. Conversion
coatings ae aso used o erhance ond ard pant adresion. Typical
treatmerts include clmomate phosphates, chromate oxides, arodizing, ard
non-chromate formulations (CARB, 1997)

Cadmum sufacesrequire ether a phosphate or a chromate conversion
coating prior to panting. The plosphate cawersionisdesgnedto be panted;
the chromate conversion is desgned b add corosion resistarce © the
cadmum and it may also be panted (CARB, 1997)

Magresum must be treatd wih a cawersion coating or arodized lefore
panting to prevert corrosion ard to prevert ervironmeria danege ly
alrasion. Magresum coatingsutilize salium dichromate sdutions (CARB,
1997)

Titaniummustbe treaedwith a cawersion coating or arodized b protectit
from corrosion and to improve adhesion bonding strength. Emersion bahs
for applying a conversion coating to titanium typicaly contain sodium
phosphate, patassium fluoride, ard hydrofluoric acd (CARB, 1997)

Coating/Rainting

A caating is a neterial that is appled to the surface ¢ a pat to form a
decorative or functiona solid film. Coatingsare used for corrosion resistance,
aircraft identification and improved visibilit y, and friction reduction. Themost
common coatingsare nonspecalized prmersard topcoets, however there ae
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also many specalized pimers that provide claracteristics suchas fre
resistance, flexibilit y, substrate compatibilit y, antireflection, sealing, adhesion,
ard erhanced carosion protecton (EPA/OAQPS,1997)

Coatingsare applied by soraying, brushing, rolling, flow coating, and dipping
usng a\ariety of applcation equpmert including canventional air spray, high
volume low pressue (HVLP) spiay, ard ekectrostatic spray. Marny of the
conventional methodssuch asrolling, flow coating, dip coating, and brushing
are limited to the sze and configuration of the pat being panted (CARB,
1997)

Painting involves te appicaion of predaminartly organc caatings b a wak
piece br protecive am/or decaative purposes.ltisappledinvariousforms,
including dry powder, solveri-diluted formulatons, ard watr-borne
formulations. Various nethods of applcaion are usedthe nost common
being goray panting and ekctrodepdastion. Electrodepdition isthe proces
of coating a wak piece ly either making it arodic or cathodic in a kath that
isgererally anaqueas enulsion of the caating material. Whenappling the
pant as adry powder, same form of heaing or baking is necessarto ersure
that the pavderadreres o the netal. These pocesses @y resul in sdvert
waste (and associated 4ill bottom wastes generated during solvent
distillation), pant dudge wates pant-beaingwadewaers, ard pant solvert
emssions (EPA/OECA, 1995)

Spray panting isaprocess g which pant is placed mto a pessurzedcupor
pot ard is atomized into a spey patern whenit is releasedrfom the vessel
ard forced troughanorifice. Differences n spray-panting equpmert are
based @ how the equpmernt atomizes pait. The nore highly atomized he
pant, the nore likely trarsfer efficiercy isto decease. Trarsfer efficiercy is
the anount of paint appled to the dojectbeing painted, divided ly the anount
of pant used. Highly atomized pait spray canmore readiy drift awayfrom
the panting suface dued forces suclas ai currents ard gravity (Ohio EPA,
1994) Cleanng solvert canonly be sprayed througha gunfor nonatomized
ard atomizedcleanng ushg spedic equpmert as spedied nthe NESHAP.

The viscosity of paint may need adjustment before it can be sprayed. This is
accanplished by reducion with orgaric sdverts, or with water for cettain
water-based catings. Using sdverts for reducton requires the purchase
addtional materials ard increases aienissons. An akernative method of
reducing the Mscasity is to use leat Bendits from the puchase & pant
heaers include bwersdvert usagelower sdvert emissbns, more consistent
viscosities, ard faster curing rates (Ohio EPA, 1994)

The following types of spray applcaion equpmert may be used n the
aeospace ndusty:
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Electroplating

«Conventiond Spray
*High-Volume/Low-Pressure (HVLP)
sAirless

s Air-Asssted

*Electrostatics

*Rotary Atomization

*Spray Booths

The netals used m electroplating operations (both common ard precious
metal plating) include cadmium, lead, chromium, coppe, nickel, zinc, gold,
ard siver. Cyarides ae akousedextensively in electroplating sdutions arul
in some gripping ard cleanng olutions (EPA/OECA, 1995)

Electrolessplating is the clenical depasition of a netal coating onto a metal
object, by immersion of the object in an gppropriate plating solution. In
electroless rickel plating, the sairce d nickelisasat, ard a educeris used
to hold the mea ion in the solution. Immesion plating produaes a metal
depcsit by chemical displcenert. Immersion platng beths ae usudy
formulations of metal salts, dkalies, and complexing agents (typically cyanide
or anmonia) (EPA/OECA, 1995)

Occasonally, touch-up phting isdone on anin-houseplating line that consists
of sx separate tanks for cleanng, rinsing, ard plating. Following touchrup
plating, the pats ae typicaly cleared n a cdd sdvert-cleaning tank
(EPA/INRMRL, 1995)

Equipment/Line @aning

Spray gurs ar caating lines usedd appy the various coatings used at
aespace adlities must be cleaned when switching from one coating to
another and when they are not going to be immediately reused. Spray guns
canbe cleared ether manualy or with erclosed spay gunclearers. Marual
cleanng involves dsasseiling the gunard plachg the pats in a \at
containing anappopriate ckanng sdvert. The residualpant is brusked or
wiped df the pats. After reassemling, the ckanng sdvent may be sprayed
throughthe gunfor a final cleanng. Paint hosestoating linesare clearedby
passing the ckanng sdvert through the lines unil al coating residue s
removed. Enclosed spay gunclearers ae sef-contained urits that punp the
cleanng sdvert throughthe gunwithin aclosedchantber. After the ckanng
cycle is complete, the gurs ae removed from the ctamber ard typicaly
undergo some manual cleanng to remove coating residue fom areas ot
exposed b the ckanng sdvert, suchas he sea urder the abmizing cap
(EPA/OAQPS,1997)
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lll. A.4. Compostes Pocessng

The aeospace ndudry is increasngly sulstituting camposites br metals in
aircraft ard space shicles due @ the supeior strength-to-weight ratio,
corrosion resistarce, ard fatigue Ife d composites. Composites ae
comprised of aresinmarix that bondstogether layers of reinforcing méaerial.
The resukart structure has mechancalpropettiessuperor to eachindividual
componert. The resin matrix is usualy a pdymeric meterial suchas epay,
polyester, nylon, or phenolic. The reinforcing maerial or fiber is usually
caibon (graphite), fiberglass, or Kevlar. The fibers are aiented atspediic
argles wthin the netrix to achieve desred strength characteristics. Methods
of forming composites include injection molding, compression malding, and
hand lay-up (or wet lay-up). Hard lay-up caninvolve appying resin on pre-
woven fibers or caninvolve sticking thin sheet d predimpregnated (repreg)
fiber material. Stepsin hand lay-up are typically: lay-up, debulking, curing,
and tear-down (break-out).

Injection molding is the process 6 shaping a naterial by appying heatard
utilizing the pressure created by injecting a resin into a closed mdd.
Compression malding is the process of fillin g amald with molding compound,
closing the nold, ard appying heatard pressue urtil the meterial has cued.
Lay-up isthe processof assembling composite patsby positioning reinforcing
material in amold and impregnating the maerial with resin. With hand lay-
up, reinforcing material with resin or prepreg canbe added ¢ anopenmold
until the degyn thickness ard cantours are acheved. Dehulking is the
smultaneous application of low-level heat and pressure to composite
materials o force aut excess resin, trapped ai vapor, ard volatiles from
between the layers of the composte, thus removing voids within the
composite.

Curing is the process © charging the resin into a sdid material so that the
composite pat holdsits shape. Thisis accanplished by heaing the lay-up
asserhly in orderto initiate a pdymerizaton reacton within the resin. Once
the reacton is complete, theresin sdidifiesard bonds te layers of composite
meaterialstogether. The cuing process$ typicaly pefformed inanauiclave
(apressuized wven), with the composite lay-up ertlosed n a kag sothat a
vacuumcanbe appled. The vacuunremoves ar ard volatilized canponerts
of the resin from within the canposite structure which may otherwise ke
trapped ad creak wids Key pammeters for curing are time, presure,
vacuum temperature, ard heaing ard cooling rates.

Break-out is the removal of the canposite nmeterialsfrom the nolds a curing
fixtures (includes the gpplication of release agents prior to fillin g the mold).
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[ll. B. Aircraft Assemby

Aircraft assembly requires the coordination of thousands of parts coming
together to form one large inal product. The total asserhly process 6 a
complete aircraft canbe close o two years. The relatively small number of
finishred poducts does rot alow for a geat deal of aubmation in the
asserhly process. Consideralde coordination is needed btweenmeterials
delvery and the pioducton schedule in orderto acheve efficiert asserly.

Assembly Equipment

Typical materials handling equpmert includes caweyors, crares,industial
vehicles €.g., forklifts, flatbeds, catts, specal lift vehicles, etc.)), ard
containers (EPA/OECA, 1997) Assembly fadlities may aso us jigsto ad
in lining up @ joining pieces.

Assembly jigs are essential for the successful assembly or large aerospace
produds. Their main functionisto identify the precise location of fittingsfor
attachment of one component to another. Assembly jigs should be
constructed in a manner which allows them to be removed upan completion
of the wak without breaking down the enire jig stucture. They require
materials which will not bend or distort over a paiod of time or durng
asserly operations. Theymustalso provide easyccessd locations where
manual joining operations are reeded iorne, 1986)

Pin jigs are used D asserhble the cuved slees that form the autside d the
fusebge’scurvedsuiface. The pnjigissimply a seres d verticalscrew jacks
that suppat cuved pecesduiing canstruction. A pin jig is set up gecficaly
for the curved pece uderconstruction. The jg heights are determinedfrom
the emgineeiing drawingsard plars (EPA/OECA, 1997)

Specially designed locating jigs are required for skins to which stiffeners are
to beriveted, suchas aiplane wings. Stiffenersare first placedm the jgsard
thenlocked n the required position on the completed wings. Wing skins ae
thenplaced emthejigard heldto a catoured shape wih metal bands n order
to make contact with the stringers. Holes are drilled through the skin and
stringers by udng templates to locate hole positions. When al of the holes
have been drilled, they are filled with clamping bolts and the metal bands are
released.The skn istakenout of the jg ard the clanping bolts hold the skn
in the degred shape util it is riveted together (Horne, 1986)

Fusslage assembly operations may follow these steps
ebond stingers © fusebge skin

ofit formers to assembly jig
sassemble skin, drill flanges, and fit riveting clamps
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sreplace chnps wih rivets ard remove parel from the jg
sassemble parelsard formers on fuselage asembly jig (Horne, 1986)

Welding/Riveting

Fuson Welding

Fuson welding is performed with a nretal arc in the presere d aninert gas
which prewerts the axidaion of the netals to be welded. An alternating or
directcurrent, depeinling on the type ard thickness of the netal, is typicaly
appled throughanelectrode. Theidealcurrent ard pubke duation issekcted
accading to the wire compasition, shelding gaswelding pacsition, and wire
size (Horne, 1986)

Resstarce Welding

Resstarce wetling requires: aprimary electrical circuit from a transformer;

a secodary circuit ard ekectrodes b conductthe current to the desied spd;

a mechanical systemto hold the canponerts ard appy force; ard caontrol

equpmert to measue duation ard magnitude d theelectricalcurrent. Press-
type machines have a noveable welding head ad force & appled by ar

through hydraulc cylinders. Seamwelding is pefformed by power-driven

roller elecrodes nstead ¢ the panted ekectrodes useddr spd welding.

Leakyproof ard pressue-tight welds ae formedby theseanwelding process,
where eachweld overlapsthe previousone (Horne, 1986)

Pre-pressue jig welding uses aig to clanp the componerts together to
relieve the ekctrodes fom clanping stress. This ersures that the degied
electrode pesure is available (Horne, 1986)

Electron BeamWelding

Electron beamwelding is acheved by concertrating a keamof high velocity
electrons onto the sufaces o be joined The electrons are pioduced ad
acceerated ly anelectron beamgunwhich consists of a ilament emitter, a
bias ekctrode,and a paitively charged awde. The ekctrons are gerrated
by thermmionic emssbpbn from a filament. Their attracton to ananode gives
themspeed ath directon, ard a bhas eéctrode cup suounding the enitter
electrostaticaly shapes egcted eeéctronsinto a leam Anelectromagnreticlens
systemrecawerges he beamonce ts kft the arode aml focusses it on the
work piece Horne, 1986)

Riveting

Riveted joints are usualy in sheetmetal patts where the rivetstake a sleaing
load. Riveted joints may be in single, double, triple, or quadruple rows and
either chain or zigzag Horne, 1986)
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Sealing/Bnding

Seahirts, predaminartly composed d padysufide,are appied throughout the
aelspace ‘ehicle stucture pimarily to sealout moisture ard cantamnarts.
This helps pewert corrosion, paticulady on faying (i.e., closely or tightly
fitting) surfaces,inside toles am sbts, ard aound installed fasterers.
Seahirts are abo used o sealfueltanks and pressuizedcomponerts. They
are appied usng tubes, spatilas,brushes, rollers, or spray gurs. Seahrisare
often stored fozenard thawed lefore use,ard many are two-componert
mixturesthat cure after mixing. Typically, asealant is gpplied before assembly
or fasterer installation, and te exess $ squeezed w or extruded fom
between the parts asthe assembly is completed. This ensuresamaisture-tight
sealbetweenthe pats (EPA/OAQPS,1997)

Adhesive bonding involves joining together two or more metal or nonmetal

components. This process is typically performed when the joints being

formed ae essential to the stuctural integrity of the aeospace ehicle o

componert. Bonding sufaces ag typicaly roughered necharicaly or etched
chemicaly to provide ncreased sidiace aea br bonding ard then treated

chemicaly to provide a shlde corrosion-resistart oxidelayer. The sufaces
are thenthinly coated wth anadhresive bonding primer to promote adlesion

ard protect from sulsequem corrosion. Structural adresives ae appied as
either athin film or asapaste. The patsare joined together and cured ether

at ambient temperature, in anoven, or in anaubclave t cure the adlesive
ard provide apermarert bond betweenthe canponerts (EPA/OAQPS,

1997)

Nonstructural adhesives ae useda bond materials that are rot criticalto the
structural integrity of the aeospace ehicle a componern, suchas @gskets
around windows ard capeting or to nonstructurally joined componerts.
Thee adlesives are appled usng tubes, brushes, ard <sray gurs
(EPA/OAQPS,1997)

Testing

A wide \eriety of tests ae peformed by the aeospaceindusty to verify that
pats nmeet manufacturing spedicatons. Leak ests ae peformed on
assemblies such as wing fuel tanks. These pats are filled with an aqueous
sdution or a gas® check searm ard seas. Dye pemtrar isusedfollowing
chemical miling and other operations to check for cracks, flaws, and
fractures. Mary different kinds d peretrarts, fluids, dyes,and etcharts can
be appled to the suface ¢ meta pats to aid in the deecion of defects.
Hydrauic ard fuelsystemchecks ae aher typicaltesting operations. Weight
chedks ae peformed to verify the kalance d cettain structures, suchas
propeler bladesard vertical tail ruddes. Same critical areas on the
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asserhled canponerts are clecked or flaws, imperfectons, ard proper
alignmert of pats by X-ray (EPA/OAQPS,1994)

lll. C. Repair/Rework Operations

Repar operations generally includeall conversions, overhauls, mantenance
programs, mgjor danage repars, ard mnor equpmert repars. Although
spediic repar methods \ary from job to job, many of the gperations are
idertical to new construction operations. Repai operations, howewer, are
typicaly on asmaller scaé aml ae peformed ata faster pace. Jabs canlast
anywhere from one day to over ayear. Repar jobsoften hare severe time
constraints requiring work to be completed as quikly as pasble in orderto
get the aircraft, missle, or space ehicle back n sewvice. In many cases,
piping, ventilation, electrical, and other machinery are pefalricated pror to
the ngjor products arival. Typical maintenance aml repar operations
include:

*Cleanng ard repanting the arcraft’s sufaces,supestructure, ard
interior areas

*Major rebuilding and installation of equipment such as turbines,
generators, ec.

« Systens overhauls, maintenance, ard installation

*System replacenent ard new ingallation of systens such as
navigaional systenrs, combat systerns, communicaion systens, efc.
sPropeller and rudde repars, modification, and aignment
(EPAJOECA, 1997)

The depanting operation involves the removal of coatings from the outer
suifaceof the arcraft. The two basic types ae clemicaldepanting ard blast
depaiting. Methylere cHoride sthemostcommon chenicalstrippersdvert;
howewer, the paticular solvert used s highly dependent on the type d
coating to beremoved. Chemicaldepanting agensareappledto the arcraft,
alowed b degade he coating, ard then scraped o wased df with the
coating residue. Blastdepanting methods utlize a nedia suchas plasic,
wheat starch, caton dioxide (dry ice), or high pressue water to remove
coatings ly physicaly alrading the caatings fom the suface @ the arcraft.
Grit blasing ard sanl/glass lbasing are akoincluded n this categay. High
intensity ultraviolet light stripping has been developed for use in conjunction
with carbon dioxide methods and is under development a several facilit ies
(EPA/IOAQPS,1994) Howewer, FAA has strict guideinesfor safety ard
qualty control purposes wirch dictate the types d sdverisard materialsthat
may be usedm aeospaceoperations. Thus,ary alternative nustgo through
a canprehensive sudybeforeit isappiovedfor use (See Section V- Pollution
Prevention Oppdunitieg

Secbr Notebook Project 33 November 1998



Aerogace Industry

Industrial Process Description

In addition, some larger facilit ies are capable of large repar and conversion
projects that could include: converting passeger plares b camgo plares,
replacng segrerts of an arcraft that has keen daneged, stuctural
recanfiguration ard outfitting of combat systens, major remodeling of
interiors or exteriors (EPA/OECA, 1997)

lll. D. Space \khicles and Guided Missies

Many of the industia processesvolved i the production of space ghicles
and guided missiles are smilar to those discussed above in the produdion of
aircraft pats arl asseroly. Becausehe number of estblishmerts involved
inthe production of spacerehicles,guided nissies, ard their assaiated pats
is less than 10 percent of the total indudry, no additional information on
indudrial processes will be presented here. Also, dueto the confidential
nature of some of these produds, there is little information available on
producion techologies

lll. E. Raw Materials Inputs and Pollution Outputs

The Aerospace hdudries Association estimates that there ae 15000 D
30,000 diferent materials used n manufacturing, many of which may be
potentialy toxic, highly volatile, flammable, contain chloroflourocarbons, or
contribute to global waming (AIA, 1994. Material inputs for aeospace
manufacturing include netals, sdverts, pants ard caatings, ard plasics,
rubbers, and fabrics. Metals used in manufacturing include steel, duminum,
titanium, ard many specalty aloys. There is also a wide \ariety of pants,
sdverts, ard caatings awailable to the aeospace mdusty. Many of these
materials ae spedicaly required by FAA guideines.

Pollutants from metal fabricaing processes & depedart on the netal ard
machining teciques leing used. Larger pieces 6 sciap metal are usudy
recovered ard reintroduced b the processwhile smaller shavings nay be sen
off-site for disposal or recovery.

Surface pepaation operations gererate wases cataninated wih sdverns
ard/or metals depenling on the type of cleanng operation. Degreasng
operations may resuk in sdvert-beaing wasewaers, ar emissons, ard
meaterials in sdid form. Chenical suface teament operations canresuk in
wases caitaining metals. Alkaline, acd, mecharical, and alyasive cleanng
methods can gererate wase streans such as spen cleanng media,
wasewaers, ard rinse waers. Such wases casist primarily of the netal
complexesor paticles, the ckanng canpound, contaninarts from the metal
suiface,ard water. In many caseschenicaltreatment operationsareusedm
conjunction with orgaric sdvert cleanng systens. As such many of these
wadesmay be cross-contamnated wth solverts (EPA/OECA, 1995)
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Air Emissions

Waskewater

Surface fnishing ard related wasling operations accaurt for alarge volume
of wasesassaiatedwith aespace netal finishng. Metal platingand related
waste account for the largest volumes of metal (e.g., cadmium, chromium,
copper, lead,mercury, ard nickel) ard cyande keaing wases EPA/OECA,
1995)

Air emissions, primarily volatile organic compounds (VOCs), result manly

fromthe salng, panting, depating, bonding, finishing appication proceses
including material storage,mixing, applcatons, drying, ard cleanng. These
emssons ae canposed nainly of organc sdvertswhich are used as ceers

for the pant or seahrt ard as clenical coating removers. Most aeospace
coatingsare sdvert-based which contain a mxture of orgarnc sdverts, many

of which are VOC’s. The nost common VOC sdverts used m coatingsare

trichloroethylere, 1,1,1-trichloroethare, toluere, xylene, methyl ethyl ketone,

ard methyl isobutyl ketone. The nostcommon VOC sdvert usedor coating

removal ismethylere choride. The VOC cattert rangesdiffer for the various
coating caktgaies. Air emissons from cleanng ard degeasng operations
may result through volatilization during gorage,fugitive losses during us,

ard drrect ventilation of fumes. Rekasesd the ar from metal shaping

processes contain produds of combudion (such as fly ash, carbon, meallic

dugs) and meals and abrasives (such as sand and meallic paticulates).

Wastewatrisproducedoy aimost every stage ¢ the manufacturing process.
Metaworking fluids, used in mechining and shaping meal parts, are a
common saurce d wasewater contanination. Metalworking fluids canbe
petroleumbased,oil-water enulsions, or synthetic ernulsions that are appied

to either thetool or the metal being tooled to facilit ate the shaping operation.

Waste cmling waers can be contamnated wih metalworking fluids
(EPA/IOECA, 1995)

Surfaceprepaation, cleanng, ard coating removal often involves te useof
sdvertswhich canalso contribute to wasewatr palution. The reture of the
waste will depend upan the specific cleaning gpplication and manufacturing
operation. Solvents may be rinsed into wash waters and/or spilled into floor
drains (EPA/OECA, 1995)

Wastewakr may also be gererated in operations suchas queching ard
deburring. Such waskewater can be high in oil ard suspeded sdids.
Wastewater from metal casting and shaping manly consists of cooling water
ard wet scrubber effluert. The srubber water is typically highly akaline
(EPA/OECA, 1997)
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Wastewatr contamnated wih paints ard sdverts may be gererated during
equpmert cleanng operations, howewver, water is typicaly only used m
cleanng waker-based paits. Wastewaer is also gererated when water
curtains (vater washspiry booths) are used dung panting. Wastewater
from panting water curtains commonly contains organc pdlutants as welas
ceitain metals (EPA/OECA, 1997)

Electoplating operations canresutk in sdid ard liquid wase steans that
containtoxic canstituerts. Aqueaus wases esuk fromwork piece mmses aul
process @arup waers. In addtion to these wasts,spert process stutions
ard querch baths ae dscaded periodicaly when the cacertrations of
contaminartsinhibit properfunction of the sdution or bath. Whendiscaded,
proces baths usualy consist of solid-phase ard liquid-phase wasesthat may
contain high concertrations of toxic canstituerts, espeally cyande. Rinse
water from the ekectroplating process may contain zinc, lead,cadmum, or
chromium (EPA/OECA, 1995)

Solid/HaardougResdual Wade

Solid, hazadous, ard residual wases geerated duing aepspace
manufacturing includecontaminated mealworking fluids scrap metal, waste
containers, ard spentequipmert or materials. Scrap meta is produced ly

metal shaping operations and may consist of metal removed from the original

piece €.g., steelor alumnum). Scrap may be reintroduced nto the piocess
as a eéedsbck or recycled df-site.

Varioussolid ard liquid wages including wase lverts, blad media, pant
chips ard fert equpment may be gemrated throughout panting ard
depaiting operations. These sbd ard liquid wasesare usudy the resuk of
the following operations:

sPaint appicaions- paint overspray caugh by emissons caitrol
devces €.g., pant booth cdlecion systens, ventilation filters, etc.)
*Depanting- spert blag media, chips ard pant ard solvert dudges
*Clearup gperations- cleanng of equpment ard pant booth area
*Dispcsal discading of leftover ard unused pait as wel as
containers used o hold pants, pant materials, ard overspray

Solverts are ako used dung clearup piocessedo cleanspiy equpment
betweencdor charges,ard to cleanportions of the spay booth. Thesdvent
utilized duimg cleanng is gererally referred as”purge ®lvent” ard is often
composed d a mxture of dimethyl-berzere, 2proparone (acebne), 4-
methyl-2-pertanone, butyl eser acetc acd, light aromatic sdvert naphtha,
ethyl benzere, hydrotreated heaw naphtha, 2-butanone, toluere, ard 1-
butanol (EPA/OECA, 1995)
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Metalworking fluids typicaly becane contamnatedand spern with exended
useard reuse. Whendispacsed, these @dsmay contain toxics,including metals
(cadmum, chromium, ard lead) ard therefore nmustbe tested © determine if
they are consdered a RCRAhazadous wase. Mary fluids nay contain
chemicaladdtives suchas clorine, sufur, phosphorouscompounds,pherols,
cresds, ard akalines. In the pastsuchoils have commonly beenmixed wih
used ctanng fluids ard sdverts (including cHorinated sdverts)
(EPA/OECA, 1995)

If meal coating operations use large quantities of molding sand, spent sand
may be generated. Thelargest waste by volumefrom metal casting operations
iswage s@nd. Other resdualwadesmay include dusfrom dug cdlecion
systems, slag, ard off-spec poduct. Dust cdlected n baghouses ray
include znc, lead,nickel, cadmum, ard clromium Sag b a glassymass
composed of meal oxidesfrom the mdting process, mdted refractories, sand,
ard other materials (EPA/OECA, 1997)

Certralizedwasewatertreaiment systens ae canmon ard carresuk insdid-
phae wasewatker treament dudges Any solid wastes (e.g., wagewaer
treament dudges gill bottoms cleaning tank residues, mechining fluid
resdues etc.) gererated by the manufacturing proces may ako be
contamnated wih solverts (EPA/OECA, 1995)

Table6 summarizesthe naterial inputs ard pdlutant outputs fromthevarious
aelospace nnufacturing operations.

Secbr Notebook Project 37 November 1998



Aerogace Industry

Industrial Process Description

Table 6: Material Input and Pollutant Outputs
Proces Material Input Air Emissions Wastewder Solid/Hazardoud
Residud Wastes
Metal Cutting oils Solvert wastes | Acid/alkaline wastes Scrap nmetal, waste
Shapng degreasing and (eg., 11,1- (e.g., hydrochloric, sdvents
cleaning trichloroghane, | sulfuric, and nitric acids),
solvents, acids, acetong xyleng | waste molant water with
meals toluere, etc.) oils, grease, and nretals
Grinding/ Metals, abrasive || Metal shavings | Wastewaers with ail, Abrasive waste
Polishing materials, particulates, grease, and netal from (e.g., aumnum
machining oils dust from machining oxide, dlica,
abrasve meal), mdal
materials shavings, dust
Plating Acid/akaline Volatized Waste rinse waer Metal wastes,
sdutions, metal || sdvents and containing acids/alkalines | sdvent wastes,
bearing ard Cleaners cyanides, and slvents filter dudges
cyanide bearing (silica, carbides)
solutions wastel plating
material (coppe,
chromium, and
cadmium)
Painting Solvent based or || Paint ovaspray, | Cleaning waer containing | Wastepant, empty
water basel sdvents paint and stiipping containes, spent
pants solutions paint application
equipment
Cleaning, Acid/alkaline Solvert wastes | Wastewater containing Spert solverts,
depainting, cleaners and add agosols, acidg/alkalines, spent paint/solvent
and vaor sdvents pant chipsand | sdvents sludges, equipment
degreasing particulates and arasive
materials, pant
chips
Saurce: Pollution Prevertion Asessmat for a Manufcturer of Aircraft Landing Ger, EPA, Augug 1995 ad
Guidesto Pollution Prevention.The Fabricated Metal Poductsindugry, EPA, July 1990.
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lll. F. Managament of Chemicals in Wastestream

The Pdlution Prevertion Act of 1990 PPA requires fadlities to report
information albout the managenent of Toxic Rekase mventory (TRI)
chemicals in waste and efforts made to iminate or reduce those quantities.
These da have beencdlected amualy in Secion 8 of the TRI reporting
Form R beginning with the 1991reporting year The dat summarized l@ow
cover the yeais 1994-1997ard are meart to provide a lasic urderstanding of
the quantities of waste handled by the indudry, the methods typically used to
manage his wase, ard recert trerds n these mathods. TRI wase
managenent data canbe used © asess trends in source reducion within
individud indudries and facilities, and for specific TRI chemicals. This
information could then be used asa ol in idertifying oppartunities for
pollution prevertion ard campliance asstarce acivities.

While the quatities reported or 1995 ad 1996 ae estimates of quartities
already managed, the quantities listed by facilities for 1997 ad 1998 ae
projections only. The PPA requires these projections to encourage facilit ies
to congder future source redudion, not to establish any mandatory limits.
Future-year estimates are not commitments that facilit iesreportingunder TRI
are required to meet

Table 7 slows that the TRI reporting aelospacefadlit ies managed about 37
millio n poundsof produdion related wastes (total quantity of TRI chemicals
in the wase from routine pioduction operations in colunn B) in 1996.
Producton related waseswere projected © continue b decease $ghtly in
1997ard 1998. Note that the efects of producton increagsand decea®s
on the quartities of wagdesgererated are rot evaluated here, but producion
has gerrally beenincreasng in recen yeass.

In 1995 alout 34 percert of the ndugry’ s TRI wageswere managed ar-site
throughrecycling, erergy recovery, or treament asshown in counns C,D,
ard E, respecively. Thisdecea®dto 25 pecert in 1996 ad wasexpeced
to dightly increa® to over 30 pecert in 1998. The ngjority of thes on-site
managed wasts wee recycled a-site n 19%. About 39 pecert of the
industy’s TRI wases weetrarsferred off-sitefor recycling, erergy recovery,
or treatment as slbwn in cdumns F, G, ard H. Thisincreasedd 50 pecenrt
in 1996. Mot of the off-site managed wateswere recycled aswel. The
remaining portion of the produdion related wastes, shown in column, (31
percert in 1995 ad 27 pecert in 1996)is either releagd © the ervironment
throughdirectdischargesto ar, land, water, ard underground injection, or is
trarsferred off-site for disposal.
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Table 7: Source Reduction and Recycling Activity f or Aerogpace Manufactur ers
Facilities(SICs 372 or376)asReported within TRI

A B I
On-Site Off-Site
Quartity of %
Produdion- C D E F G H Released
Related and
Waste % % Energy % % Energy Disposed
Year (1CF 1bs.)? Recycled| Recovery | % Treated || Recycled| Recovery | % Treated|| Off-site
1995 406 22% 0% 12% 26% 3% 10% 31%
1996 365 14% 0% 11% 36% 4% 10% 27%
1997 352 14% 0% 12% 36% 4% 10% 24%
1998 333 19% 0% 12% 33% 3% 10% 21%

Source: 1996 ToxicsReleas Inventoy Databa®.

@ Within this indudry sector, non-produdion related waste < 1% d produdion related wastes for 1995.
® Total TR transfers and releases asreported in Section 5 ard 6 of Form R asa percentage of
produdion related wastes.

¢ Percentage of produdion related waste released to the environment and transferred off-site for
disposal.
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